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(54) IWe: APPARATUS AND METHOD FOR VENOUS UOATION 
(57) Abstract 

A minimally-invasive smgtty apparatus (10) for causi^ 
Wood flow through the vefai, e«., a varicose vdn or a side branch <rf the suihettous veui, hidudes 
an electrode (20) which is electrical^ connected to a power souice (14), and die electrode (20) is 
^^^r^^.f'^ into the veto, llien, the power souite ( 1 4) is activated to energize the electrode 
?7 ^ ^ vein unta the blood vdn suffidenUy collapses to btodc flie lumen of die vein. 

tiww within the vein being eneigia»d and tor deeneigk^ 

a piedetenuned vahie. Tbe apparatus (IQ) can also be used to block a fallopian tube. 
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APPARATUS AND METHOD FOR VENOUS LIGATION 
The pres^ q>plication claims priority from U;S. Patent q)iilication serial number 
08/183,994» filed January^ 18, 1994» for an invention entitled "i^aratus and Method For 
Venous Ligation" » assigned to the same assignee as the present invention, and from U.S. 
Patent qiplication serial number 08/215,932, filed March 22, 1994, for an invention entided 
''M^od For Tubal Electro-Ugation", assigned to the same assignee as the present 
invmtion. 

The present inv^oh relates goiendly to surgical tools. More particularly, the 
present inv^on relates to sppBiztus and methods for closing body vessels. The present 
invention particularly, diough not exclusively, relates to electroligation of Fallopian tubes. 

BACKGROUND 

Certain surgical treatmms require the modification or removal of blood veins fr^ 
the body. For exan^le, the treatment of varicose veins sometimes requires the varicose 
veins to be removed from the bo(^ in an invasive, painfiil, slow-healmg, and time- 
consuming procedure. Also, the saphraous vein is surgically modified during a procedure, 
known as in situ saphenous vein bypass, for alleviating conditions caused by reduceid blood 
flow through an occhided femoral arteiy. 

In situ s^benous vein bypass is a procedure in which the s^henous vein in a 
human leg, wtdch normally returns venous blood from the ankle upwardly througji the 1^, 
is a n ast omo sed to the femoral arteiy at an upstream proximal) location on the arteiy and 
a downstream (distal) location on the aiteiy to assume the function of the ifemoral artery, 
i.e*, to deliver arterial blood to die 1^. Sadx a bypass procedure imay be required wbm 
the fonotal artery bias become too ocduded or othdrwise impaired between^e upstream and 
diSwnsare^^ & tianqxirt thef^^ of l>ld6d required of itr ; " : - : ^ 

When'the saphenous vein is to assume the function of the fembral artery, it becom^ 
necessary to close off, i.e., to ligEOe, so-called "side branch" blood veins. These side 
brandi vefais aire generally smaller dian the saphenous vein and are colloquially knovm as 
"tritnitaries" when diiey lead to the s^henous vein .and "perforators" when thqr lead to 
deeper venous circulation. Side branches ordinarily establish paihways for venous blood 
into the s^henous vein for returning the blood to the heart and lungs. Accordingly, to 
prevCTt the unwanted flow of arterial blood dkecdy mto the yenous system via the 
s^henous virin, the side brandies and perforators must- be iigated. Sti^ differenfly, by 
ligatn^ the side branches, arterial blood whidi is permitted to flow through die sq>h»ous 
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vein aiKl dimty bypass tbe occluded 
vmous system dircHigh die side branches. 

TypicaUy, side branches aie Ugated by constricdsg die side 
Unfortunately, ligating side brandies widi sutures can be time-consuming and labor- 
intensive, because all die side brandies must be located dther by ma^ 
of small incisions in the leg or by makiqg one very large incision. Also, it is difficult to 
. . ligate side brandies with sutures in less-invasive procedures, i.e., endoscopically. 

As recognized by the present invention* side brandies of die sq)henous vein may 
be ligated in less invasive procedures. More particularly, tiie presoit invention lecognizes 
. that blood flow dirough side brandies of the sq[>hen0us vein can be quiddy and easily 
stxqsped by jadvanciqg an decttode into the side brandi and 

the tissue to coagulate and dieieby blodc fhiid iQow diiough die si& Asfiuther 
recognized by die presoit invention, varicose veins can be quiddy and easily treated by 
ligadng diem m less hivasive proceAires. Tterelqr, unsighdy discolorations in die Ijeg 
attributable to varicose veina can he elimiiiflted in m ffltt^Mtifmt procedure/ 

. Aldiough coagulating devices have been introduced for odi^ 
these device typicaUy have bidky (^n^onents ^ 

large body cavity diat has been exposed by surgery. Consequently, existixv coagulating 
devices cannot easily be used to stop blood flow fitom "hard-tb^readi" sources,, such as 
saphenous vein side branches. Furthermore, existiAg coagulating devices cannot easily be 
used in less-invasive surgery for die treatment of varicose veins. 

Moreover, many coagulating devices function snq>iy by qiplying electrici^ to 
tissue. Hie lengdi of time die tissue is es^ed to the dectridty is controlled by fhe 
surgeon, usually by depressing a foot pedal linked to a source of dectricity, e.g., a Bovie 

, .J ...model generator made by Valley I^s of Colorado. Conseiquently,_ tissue easily be. 

: unintentionally overheated, thereby causing unwanted scabbmg, charring, and other 
unnecessary tissue damage. Sudi damage can be particularly onerous in certain, 
circumstances, e.g., s£q)heaous vein side branch ligation and varicose vein treatment. 
: Indeed, excessive dectro-ligation of varicose veins in ah attenqH to reduce discoloration 
. caused by die veins may be a cure diat is worse than die disease. Stated differraitly, 
applying if energy to a blood vein over excessive time periodis or at excess 
/ . ; . can result in arcing and perforation of vein. 

It is therefore an object of die present invention to provide a device that can less- 
inyasively ligate side brandies of a sqihenous vein. Another cibject of the present invention 
; is to provide an apparatus awl mediod for le^^ Still 
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another object of the present invention is to provide an q)parati]8 and method for less 
invasive surgical ligation which is easy to use ami cbst-effecrive rn mgimfaf t!iff 
SUMMARY OF THE INVENTION 

.• '. ■ * ■ ■ . 

A device for use in endoscopic surgery to inhibit blood flow through a blo^ 

includes an elongated electrical conductor which has a distal end. Preferably, die conductor 

includes a segment that is bendable into a pred^ermmed sh^, and a direction indicator 

may be provided for indicating the direction in which the conductor is bent. 

A source of electricity is electricaUy connected to electrical conductor. As uite 
by the presently preferred wribodiment, the source of electricity generates an rf output 
sufficient to cause the blood vessel to collq)se and insufficient to perforate the blood vessel. 
. . Also, an electrically insulative smooth flexible sheath surrounds at least a segment of the 
conductor. In accordance with the present invention, 
less than one niillimeter (Inm) to peixni 
of the blood vessel. 

An dectrode is connected to the distal end of die electrical conductor 5^ 
source of electridQr can be energized to enetgize the dectiode to therA 
of the blood vessel to colk^ise wbsn die electrode is positioned in the vessel, b one 
presoitly preferred embodiment, the electrode extends beyond a distal end of the sheath, ^ind 
die length of the electrode is approximately equal to die diameter of the blood vessel. 
Advantageously, die electrode is fonned integrally with the conductor, aiid die electrode 
includes a rounded distal tip. Fuidier, die electrode preferably includes an ami-sticking 
. coadng ^ch is deposited on die electrode. 

Preferably, a feedback device is provided for sensiis a prelected paia^ 
blood vessel. The feedback device generates a signal wheii die preselected .parameter 
..... jreadxes a predetennmed yal^^^ the pref^ected parameter is affected by! die treatment 

of die preselected portion of tissue. The prieselected parameter can be tenq)erature, in which 
case die feedback device mcludes a tenq)erature sensor secured to die apparatus for sensing 
. the temperature of the electrode. 

Altemativdy, the presdected parameter is at least one electrical parameta^ 
from the group of param^ers consisting of: source of electricity ou^ut voltage, time rate 
. of change of source of electricity output voltage, source of electricity output power, time 
. ^ . . rate of change of source of electricity ouQnit power, source of electricity , ou^t current, 

: :time rate of change of source of dectricitv output currait. tissue electrical impeH|>nff> timg 
rate of change of tissue electrical in5)edance. 
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to another aspea of tbc presoit inv^ 
powpr souice for electricaUy ligating a preselected 

insulatlve sheath configured for slidably engaging a himen of a body vessel. Additionally, 
the apparatus inchides an electrode ^ch is positioned in the sheatL As intended by the 
present invention, the electnxle is electricaUy connectable to tf^ 
- the preselected portion of tissue when die electrode is positioned adjacent the preselected 

portion of tissue and the power source is activated to provide power to the el^ 
feedback device is provided for sensii« a presele^ 

rqnesentative. of the m a gn i tud e of the preselected parameter. In accordance with the 
present invention, the preselected paramet^ is afGscted when the preselected portion of 
. tissue is energized by the electrode. 

In stiU another aspect of the present invCTtion* a incdi^ 
varicose vein. The meaiod mchides the stq» of prov^^ 

deqtrode, and thai percutaneously advancing the electrode into the varicose yein such diat 
the dectrode is juxtaposed with die waB of the^v^ 

between the waU of the varicose veto and the electn>de, and the dect^ 
the veto collapses around the dectrode to thereby 

to yet another aspect of the present invention, a mediod is disdosed for electro- 
ligation of a blood vessel. The mediod tocludes die stq» of providing ah electrically 
energizable electrode and ah endoscopic instrument, and disposing the detoode to the 
instrunient/ Then, the instrument is percutaneously advaiiced with ele^^ 
vessel, and die electrode is wiergized until die vessd coUiapses around die electrode to 
therdiy block blood flow through the vein. 

to andtiier aspect of die present invention, a mediod is disclosed for dectro-ligation 
^ — „ . . _ : of a fallopian tube. .TTie mediod^ providing an electrically energizable 

electrode and an instrument, and disposing die electrode in die. instrument. Then, die 
instalment is advanced widi electn)de into die Mopian tube, and 
until die tube coll^ses around die electrode to diereby block die fallopian tube. 
. . The details of die present mvention, bodi as to ite construction and operation, can 
best be underistood to reference to the accon?)anying drawings, in which like numerals refer 
; . to like parts, and which: ■ 

BRIEF DESCRIPTIQN OF THE DRAWINGS 

Figure 1 is a perspective view of die a|q)anitus for veno^^^ 
^ "tovention; - 
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Figure 2 is a tross-scctional view of the apparatus 
invention, as seen along the line 2-2 in Figure 1; 

Figure 3 is a block diagram of tbe electrical conq>^^ 
Figure 1; 

Figure 4 is a block diagram of the miCToprocessor logic for generating the control 
signal; and 

Figure 5 is a schematic view of die q)paratus of Uie present invention with portions 
broken away, shown m conjunction with a woman's fellopian tube for blockmg the iube. 

nicTAn description of thr preferred embodiment 

Referring initially to Kgure 1, an eidoscopic electro-cauterizer for closmg off sid^ 
branches of blood vems and for blocking blood flow tiuough varicose veins is shown, 
generally designated 10. WhUe di§ discussion below focusses on side branch closure and 
varicose vein treatment, it. is to be undeistood tiiat the principles of the present invention 
disdosed below can be awUfid to a wide variety of medical treto^ 
cauterization, inchiding perforator vem treatment, hemonhoid treatment, and nairosurgeiy 
qyplications. 

As sho\ra m Hgure 1, die cauterize 10 ix^ 

12. The connector 12 is preferably a standard banana plug conniector, and can be connected 
to a sdurce 14 of electrical power via an electrical line 16. The source . 14 can 
advantageously be a Bovie generator maite by VaUey Laboratories of Colorado. 

It is to be understood that die probe 1 1 can be percutai^^ 
vessel, e-g., a varicose veto, or that it could be ei^gaged with die tamen of an endoscppic 
surgery instrument 13, and dim die instiumait 13 with probe 11 advanced into, e.g., the 
side branch of a saphenous van. As intended by die priesent uivention, die mstrume^ 13 
- ; _ . can be any one of die instruments disdosed m did foUowmg US. patoit applications, all 
of which are assigned to die sole owner of die assignee of the present invention: smal 
number 07/867, 841, fBed April 13, 1992 for an invention entided "R^EmiJE. TIP 
; CATHETER^ serial 

fFLEXroi^ ENDOSCOPE Wrra HYPOTUBE AC^ 

07/970,402, filed Novemb^- 2, 1992 for an invention entitled "ENDOSCOPE f6r ^HUNT 
PIACEMENT", all of which are incorporated herein by refCTcnce: 

In cross-reference to Figures 1 and2, dieprobe 11 includes ah elongated electrical 
conductor 18 having a cylmdrically-sh^ electrode 20 formed integrally on die distal end 
of die conductor 18. Preferably, the conductor 18 has an electrical r^istance below ten 
ohms per foot (100/ft). In die preferred embodiment, die conductor 18 with electrode 20 
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Is made of type 304 stainless steel. By mami&cturing the elecdxxle 20 iotegially with the 
conductor 18, maoiifacturing costs of the probe 11 are minimized, and a firm connection 
is established between the electrode 20 and the conductor 18. 

Figure 2 shows that die conductor 18 has an outside diameter ODei of about 
eighteen thousandths of an inch (.018"). Also, the conductor 18 tapers radially inwardly 
to a bendable segment 22 having an outside dianu^ter ODq of about ten thousaixiths of an 
inch (.010"). As the skilled artisan will appreciate, die bendable segment 2Z is malleable 
and flexible. Consequently, die segment 22 can be bent into a pred^rmined curvilinear 
sh^, as shown in Figure 1, to fiicilitate- advancing the probe 11 into a side branch and to 
fodlitate contact between die electrode 20 and die wall of a varicose vein into which die 
probe. 11 has been advanced; 

As shown best in Figure 2,/die dectrode 20 is formed with a rounded 
An abutmem sur&ce 26 is established by the electrode 20, and the abutm 
radially projects b^ond die conductor 18. Preferably, die electrode 20 has an outer 
diameter ODi of between about twenty eight diousandths of an mch and ei^ity four 
thousandths of an inch (.Q28''-.084'*), and more prefoably the out^ diameter ODj is about 
$eveiHenths of a millinieter (0.7mm). 

. The length L of the electrode ^ is between abom one to ten tiiill^^ 
Specifically, the leqgdi L is established to be approximately equal to the WtflTiiTp mi diameter 
of die blood vein into which die probe 11 is advanced. More spedfically, for blood veins 
having a diameter of about four to six miUimetets (4mnHfimm), die lengdi L of the 
electrode 20 is about four millfan^ters (4mm). Also, for blood veins havu% a diameter of 
about six to eight millim^ers (6mm-8mm), the length L is about six miUinieters (iSmm). 
. Furthei:, for blood veins ha^ong a diameter larger than dght millimeters (&nm), die lengdi 

.L..i$.about eight miUimeters (8mm),^ _ : ;_ . : . „. _ J „.„ 

In the presently preferred embodiment, a non-sticking, non-insulative substance 28 
. is deposited oh the surface of the dectrode 20 to inhibit sdcldng of the el^^ 
tissue during raergization of the electrode 20. Prefo^Iy, die substance 28 is chrome which 
. is deposited on the electrode 20 by vapor dqK)sition. Alternadvely, the electrode 20 can 
be coated with titanium nitrate or Teflon®. 

Figiire 2 also shows that an msulative sheath 30 surrqiunds t^^ 
: abuts the abutment sur&ce 26 of the electrode 20. As can be seen in Figure 2, die outer 
surface of the sheath 30 is.flush with the outer surfece of the electrode 20. In accordance 
with tiie present invention, the sheath 30 is bonded to the conductor 18 with a high- 
. temperature epoiy. 
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As intended by the present invoition, the sheath 30 is made of an electrically 
"«istive,snKX)tti,biocon?)atil)Ie material, such as PBBV^ 

Jersey, of TFE Teflon*^, which typically has a dielectric stiengtti of about seven hundred 
to one thousand volts per mil of material (7(K)-1000 v/mil). Also, 
a material which will not easily melt or breakdown under the high temperatures ttiat are 
typically goierated during electrocautery. Further, the sheath 30 should be made of a 
material that has a low coefficient of friction. 

PeBax* is the presently preferred material of choice for die sheath 30 in light of its 
above-mentioned attributes and because it is relatively flexible, elastic, and has a low 
coefficient of friction. These attributes permit the sheath 30 tb be easily advanced through 
a potentially curvilinear, small-diametCT hmien of blood vein or an endoscopic mstniment 
Rmhor to diis end, the outside diameter OD of the sheath 30 (and, h^, the outside 
diameter of the probe 11) is preferably equal to less than about one mm 
one presently preferred embodbnent, die outside diameter OD 

about twenty ei^ thousanddis of an bich and ntaety two thousandths of an hu* (.028"- 
.092"). Alternative materials ixdiich can be used for the sheadi 30 mclude polyimide, 
polyetlylene. and polypropylene. . 

If desired, a sensor 32 (Figure 1) can be attacied to the elec^^ 
32 can be a thennocoi?)le, diermistor, or odier suitable, tanperanire^sensing device. 
Alternadvebr, die sensor 32 can be a pressure sensor for sensing fhiU 
. , oidof the probe 11. 

Figure 2 shows that a flat, generally paialellqpq)ed-shi^ boid mdicator 34 is 
bonded to the sheath 30. As shown, die indicator 34 is formed widi a prbjecting edge 36 
diat is distanced from die sheath 30, As mtemted.by At pre^ faivcntion, the bend 
... indicator 34 is oriented during manufacturing such that the projecting, edge. 36. extoids 
outwardly in the same direction as die bend of die bendable segment 22 of the conductor 
18. The indicator 34 remaim outside the patient's lx}dy during surg 
of the cauterizer 10 can consequently ascertain during surgery the direction in which the 
. bendable segment 22 of die conductor 18 has been bent. 

Figure 2 shows that die bend indicator 34 is formed integrdly with a 
37, and die jacket 37 surrounds die sheath 30 to transmit torque to the probe 1 1. An insert 
38madeof silicone rubber is disposed between die jacket 37 and shfiadi 30 Further, die 
. = probe 11 has a proximal end 39, and a high voltage line, indi^^ 

and high voltage insulator 41, abuts the proximal end 39 of the probe IL A wire 42 is 
soldered tb the high voltage lead 40 and conductor 18 to fiirther ensure electrical contact 
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b^e^ the two conqxmaxts. It is to be ^leciated that the high voltage lead 40 in turn 
is electrically connected to the source 14 of electricity via die line 16 and phig 12 (Figuie 

ly • ■ 

In the operation of the cauterizer 10, reference is made to Figures 1 and 2. . The 
plug 12 is electrically connected to the source 14 of electricity. Thus, bodi the sensor 32 
and electrode 20 of the probe 11 are electrically connected to the source 14 of electricity. 

The source 14 can be electrically connected to a microprocessor 44 which is 
advantageously a type "486" microprocessor As disclosed more fully below, the 

. microprocessor 44 is electrically comiisGted to the source 14, and the microprocessor 44 
generates a control signal for controllmg the source 14 m refuse to, inter alia, signals 
from die sensor 32. If dies&ed, indicators 45 can be provided for displaymg c^mtf^^ lo 
voltage, current, impedance, temperature, and other parameters, in accoidance with die 
qieration of die cauterizer 10 disclosed below. 

Next, for side brandi electro-ligadon, the probe 11 is^^ 
diannd hunen of the mstrument 13. Then, die instrument 13 into which the probe 11 has 

. . been sdvanoed is itself advanced into die blood vein of a pati^ 

probe 1 1 can be selectively advanced out of die huhen m which it is slidably disposed , anrf 
die source 14 of electridty activated to electro-ligate The 
probe 11 is dien retracted from the vein of die ^ 

myention, die power levd of die source 14 is sufficient to cause die vdn to collq>se, but 
insufficient to p«ibrate die vein. To diis end, when the source 14 is a Bovie model 
. generator, the so-called "cut" waveform (i.e., a SOOKHz smusoidal rf signal) setting is used. 
Alternatively, for varicose vein treatinent, die probe 11 itsdf is peicutaneously 
advanced mto the vein, and the waU of the ve^ 

• . — Then, the electrode 20 is energized to c^e.the wall of die vein to substantially coll£^ . 

\ inwardly, Uierd)y blocking blood flow dirough die vein. The electrode 20 is tiien retrieved 
from tiie vein. 

: It is to be understood that while the cauterizer 10 disclosed above is a monqwlar 
device, it may also be a bi-polar device, e.g., the cauterizer 10 can have electrodes 
configured like those disclosed in coi)ending U.S. patent application serial no. 08/054, 123, 
filed April 26, 1993, for an invaition entided "Bi-Polar Hectrocauterizer" , assigned to the 
. sole owner of the present invention and incorporated her 

. ; : Now rrfening to Pigure 3, die electrical conqionents of die cauterizer 10 can be 
. seen. As shown^ die sensor 32 is connected to an analog-tb-digital ("A/D") converter 48, 
. ' for converting die analog temperafaire signal fi^ The 
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A/Dcomreiter 48 can advantageously be a type AD57804PMnverteri^ 
or some otbn: suitable converter known in the ait 

Figure 3 fiirther shows that the AA) converter 48 is connected to a noise filter 50. 
The noise filter 50 can be a hardware or, more preferably, software filter which filters noise 
ftoin the digitized signal from the sensor 32. For example, the filter 50 can be pix)^aiimied 
to discriminate against sixty Hertz (60 Hz) or fifty Hertz (50 Hz) noise fiom lieaiby 
electrical components. The filter 50 can also be programmed to average a predetermined 
number (e.g., ten) of consecutive signals from die sensor 32 arid outimt a signal 
representetive of die average, or die filter 50 can be a low-pass filter. When the noise filter 
50 is a software filter, it can function by averaging a phirality (e.g., ten) of sensor signals 
in accordance widi means well-known in die art. 

Also, the filter 50 COT be programmed to block a signal fhmi die setisor 32 whiA 
grwdy varies from die innnediately previous signal. A great variance ftxmi one signal to 
die next may indicate an erroneous or spurious signal level. In odier words, if a first signal 
ftpm die sensor indicates an electiode 20 temperamre of. e.g.. d 
(^'Q, and a second signal that is immediately temporally after the first indicate an 
electrode 20 temperature wUcfa varies by more than a predetennined amount (e^g.. 
, from die first signal, die filter 50 blocks die second signal fiom fimher processii«. Tlie 
hardware components, if any, of bodi die Am conveiter 48 and the tidse filter 50. can be 
housed in die cauterizer 10 or ^ource 14. When die filter 50 is a software filter, the 
software filt» 50 can be part of die inicrqinicessor 44. 

Figure 3 also shows diat a timer 52 is provided wiiidi monitors die leiigdi of time 
die source 14 energizes die electtode20. The timer 52 generates a signal representative of 
die lengdi of time of eltictrode 20 energization and sends this signal to die itdcroprocessor 
44. When die lengdi of time exoeedb.a predeteimined . time. period, e.g.,.. a time, period:, 
between about ten seconds and forty seconds (10 sec^ 40 sec), tiiemicioproces^r44caus« 
the source 14 to stop energizing the electrode 20. 

AdditionaUy, components are provided for measuring die bu^rat wlt^ and c^^ 
of die source 14 of electricity, and for providing signals representative of die output voltage, : 
current, power, and impedance (and. hence, die voltage, current. p<w«, aid tfasui 
impedance at die tip of die electrode 20) to die miciopiocessor 44. .More specifically, a ' : 
conqwnept 54, e.g. a oirrent sensing t^^ 

die source 14 of electricity and die electrode 20. and a current rectifier filter ("j^'O 56 
samples die voltage upstream and downstream of die component 54! .Aroordingly, die 
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current R/F 56 outputs a signal representative of the output current of the source 14 of 
electricity. 

Also, a voltage sampling R/F 58 is provided for generating a signal representative 
of the output voltage of the source 14 of electricity. Advantageously/both the current and 
voltage R/Fs 56, 58 can be full wave diode rectifiers with associated filtering capacitors 
connected in a configuration well-known in the art. 

. Figure 3 shows that the current and voltage R>Ts 56, 58 are respective^ 
to A/D converters (SO, 62, each of which is substantially similar to the ten5)erature A/D 
converter 48. In turn, bofli A/D converters 60, 62 are connected to the microprocessor 44. 

Still rrferring to Figure 3, the microprocessor 44 generates an output control signal 
and sends the control signal to an electrical buffer 64. The buffer 64 is any suitable device 
which essentially isolates the microprocessor 44 from die source 14 of dectriciQr, and which 
provides correct driving signals to the source 14. 

"nieouqnit signal from die buffer 64 is sent to the source 14 o^ 
the ou^ratpowerofflieswuce 14 of electricity. To do fliis, die coitfrol signal can be used 
to vary die aiapat voltage of die source 14 of electricity, or die modulation of die signal 
from die source 14 of electridty. by means wdl-kn^ For exan?)le, die signal 

from die buffer 64 can be used as die bias signal to a power transistor (not shown) diat is 
part of the ou^ circuitry of die source 14 of electricity; Cpnsequenfly, as die signal from 
die buffer 64 chai^ , the bias of die transistor chaii^es to cbaoge die output of die source 
. 14 of electricity. 

Now referring to Figure 4, die d^s of die operation of die microprocessor 44 can 
be sera. The microprocessor 44 conmiences a saii?)Iing cycle at bcghi cto^ From 
die circle 100. die microprocessor proceeds to block 102, wherein a software counter "T" 
- .-_^,...is s^ equal to zero, Then at block 1Q4/:T^ is at.block 104, T. 

equals a predetermined software counts ^T,", die microprocessor 44 stops, i.e., exits die 
routine shown in Figure 4. 

Odierwise, die microprocessor 44 proceeds in paraUd to decision blo^^ 
: . and 110, and toblocte 112 and 114/ At decision blocks 1^^^ 

.44 rrtrieves from inemory and then respectively con^ares source 14 of electricity output 
voltage (Vfc), electrode 20 tOT[5)erature (T^, and source 14 of electricity ouq)ut current 
to respective predetermined yolti^e, temperature, and curroit sttpoints VI, Tl, II. If 
eidier or Tb exceeds its predetermined setpoiitt, or if ^ falls below its pre(teteiinined 
setpdmt, the microprocessor 44 generates a control signal to cause the source 14 of 
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electri<% to stop oergiziiv the dectiode 
to blocks 116, lis! 

At block 112, on the other hand, the microprocessor 44 calculatM the imjwvfmy,. 
(Zfc) of the tissue adjacent die electrode 20 by dividing by 1^. Then, the microprocessor 
44 moves to decision block 120, where die micn^rocessor 44 con?)ares to a 
predetenninedsetpoint impedance Zl. If exceeds Zl, poor electrical connection or poor 
placement of the electrode 20 may be indicated. In such a case, the microprocessor 44 
generates a control signal to cause the source 14 of electricity to stq) Meigizing the 
dectrode 20. As intended by the present inventipn, the source 14 of electrid^ is 
deenogized brfore Z^ reaches zero (0). Else, the microprocessor 44 proceeds to blocto 122 
and 124. In the presently prefened onbodhnent, Zl is set equal to about fi^ ohms. 

It is to be undostood thstt «^ overall hnpedanoe is used hi the presently prefened 
embodiment, the phase difference bietween V„ and I» can be measured for determining the 
cqwdtive inq [)eda n iie co^^Kment and resistive hiq>edanoe conqMment, and then either 
hqiedance con^xnient can be used in lieu of or m addition to Z^. Indeed, the phase 
difference between Vj and Ifc can be used as an mpm to the micit^^ 
in addition to the parameters discussed above. 

Likewise, at block 114, the miooprocessOT 44 calculates the ouQnit power (P,) of 
the source 14 of electricity by mult^)^ and 1^: TTien, the ndcroprocessor 44 mova 
to decision block 126, where the miciDprocessor 44 compares P^to apredeterndned setpomt 
power PI, If P^ exceeds PI , the microprocrasor 44 generates a control signal to cause the 
source 14 of electricity to stop energizing the electrode 20. Otherwise, the microprocessor 
44 proceeds to return blodc 127, and thence back to block 104. '. 

At blocks 116 and 118, the microprocessor 44 respectively jialculatw the difference 
betweeny^, 1^, and V^, tpyidd AV, 41, where yt.,,.I^,,.j|re the, yoitpgelind... 
current values calculated in the immediately preceding cycle. Alternative^, V„, 4., cin 
be averages of the n precedmg corresp<mding values where h» ai^ iittcgw, e.g.; ten (10), 
fliree (3), etc. . 

From blodss 1 16, 1 18, the microprocessor 44 moves to respective decision blodcs 
130, 132. At block 130, the microprocessor 44 con^iares AV to a predetranrined voltage 
dffi«aice, i.e., AVj. If AV exceeds AVj, the mia-oprocessor 44 moves to block 134, 
iiiierem the microprocessor 44 generates a control signal to cause the source 14 of 
electricity to deactivate or to reduce its power output by a predetermmed increment AP, .. 
e.g.. by two watts to four watts (2w-4w). Otherwise, the micropiocesspr 44 inovw 
; 127 and thace back to block 104 for another cycle. 
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Likewise, at block 132, the microprocessor 44 conqpaies AI to a predetennfaed 
current difference, i.e., A^. If AI exceeds AIj, the microprocessor 44 moves to block 134, 
wherein the microprocessor 44 generates a comrol signal to cause die source 14 of 
electricity to reduce its power ouqnit by AP. Otherwise, the inicioprocessor 44 moves to 
block 127 and thence to block 104 for another cycle. 

Recall that at blodk 120 die microproce^or 44 coiiq)ared to a predetermmed 
constant impedance seqwint Zl. As shown in Figure 4 starting at block 122, die 
microprocessor 44 also CQn?)ares to a variable in5)edance seq>oint Z2 which is patient- 
dependent. . 

More qiedfically, at block 122 die microprocessor 44 sets an entering argument 
variable 23 equal to Z„ if T equals a predetermfaied stabilization time period T2. 
Oflierwise^ the ent^ii^gargumOTt variable Z3 is set equal to itsd^^ More specifically, ^en 
T<T2, Z3 is si^ equal to a relatively low de&uh vatae. When T=t2, Z3 is set equal to 

Zfc, and whaiT>T2,Z3 remains equal to die vahie offset at T=T2. Thus, die altering 
argument ZSbpatient-dependeDL In die 

two (2) seconds to ten (10) seconds, and die defiuilt value of Z3 is equal to about two 
tamdred ohms (2000). 

Then, die nucrqprocessor 44 moves to block 135, wherein die microprocessor 44 
retrieves a predetermined fanpedmce limit Z2 by accessing a data table and using Z3 as die 
entering argument. A representative table is provided herdn as Table 1. From block 135, 
the microprocessor 44 moves to decision block 136, whmb Z^ is conq)ared to Z2. If Z^ 
exceeds Z2, die microprocessor 44 moves to block 134 to reduce source 14 of electridty 
output power or deenergize die electrode 20 altogedier, and dience to block 1 28 to generate 
a tone rqjresentative of Z^. Odierwise, the microprocessor 44.movei5 durecdy to blobk 128 
to generate a tone representative^ of Z^. . It > to be understood diat while block 128 m.. 
Figure 4 indicates diat a tone rqwesentative of in5)edance is generated, die tone or other 
tones could be generated which are representative of die other parameters disclosed herem. 
From block 128, the microprocessor 44 moves to block 127 ainl then r^ums to block 104. 

The skilled artisan will predate diat die operation of die inicroprocessdr 44 at 
block 122 aisures diat die entering argument variable Z3 is set equal to a relatively 
stabilized Z^. More particularly, for a brief initial stabilization period (T2), power 
intemq)tion is avoided when minor transients in impedance ^ might occur and odierwise 
cause the microprocessor 44 to deenergize die source 14 of electiicity. Stated diffa-entiy, 
the microprocessor 44 reduces source 14 output power during the stabilization time T2 only 
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in the imtance iKlien is less than the init^ 

equal to a relatively low (e.g., ei^t hundred ohms (800Q)) value. 

On the other hand, after flie stabilization penod T2 ehpses, Zfc 
reach a steady state value while the tissue surrounding the probe 11 is treated by the 
electrode 36. During diistreatmem period, the entering arguniem 
to the value of Zi, at time T=T?, and the table l<»k-up of Z2 is 
a patient-dq>endent entering argument Z3. 

From block 124, the microprocessor 44 proceeds to decision block 138, wherein 
flic microprocessor 44 conq>ares AZ to a predetermined inq>edance difference, i.e., AZ4. 
If AZ exceeds AZ4, the micn)processor 44 moves to block 134, wherein the micrc^ 
44 gcnemes a contrd s^nal to cause the source 14 of electricity to reduce ^i^ 
by AP, and tiience to Mode 127. OQierwise, the mioroprocessor 44 moves directly to block 
127, and thence to block 104 for another cycle. 

"Ilius, at blodcs 130» 132, 134 the mic^iocess^ 
rate of chaise of Vfc, or Zfc are CTcessive. and if so, the nu 

ou^pow9offliesouicel4ofdectrici^,ordeenergi2sestfaeele^^ The 

present invention also emrisions cdculatii« the ti^ 

like manner and redudng die output power of flie source 14 of de^ 

excessivdy rapid increase mTb or in the tune rate of change of T|,i 

The present invention conten^l^es the abovMUsdosed operation of the 
. ndcroprocessor 44 because, as recognized by the presem inyenti(^ 

at the tip of the dectrode 20, and flie tenq>erature of the tip of the electrode 2p» is . affected 
by the characteristics of the tissue immediately adjacent the electrode 20. 

More particuiarly, when the tissue has not yet been cautrnzed, the im p#»rfaiK y at the 
- V - : - : electrode 20 tip is relatively low. In cqntrast, when the tissue has just undergone. 

, cauterization, the inq)edance at the electrode 20 tip is .relativdy high. Thus, the output 
voltage, current, and impedance of the source 14 of electricity are all affected by the 
. cauterization of tissue adjacent tiie electrode 20. Stated differently, tiie magnitudes of the 
ou^ut voltage and current of the source 14 of electricity, and the magnitude of the 
impedance of tht tissue adjacent the electrode 20, are dependent up<Hi the bo<fy 
charactCTistics of the patient. Likewise, the tenq)erature (Tj) of the decirode 20 tip also 
- depends in part upon flie characteristics of the tissue idjacent the tijp of the deoKiode 20. 

Hence, by automatically controlling the output of die source I4 of dectridQr based 
upon any one of or a combmation of Z^,, 1^, V^, P,,, and T^ (and tiieir reqjective time 
. derivatives), the present invention ensures tiiat tissue adjacent the venous w^ is not. . 
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damaged any fimhar than necessaiy to effect cauterization. Also, by predsdy controlBng 
the autpvt of the sraice 14 of electricity, the present iihrention ensures that tissue is 
precisely cauterized as q>propriate for side branch/^^aricose vem closure. Alternatively, by 
automatically generatmg a tone rq)resentative of any one of or a combination ofZ^, I^, V,^ 
Pb, and Tb and their respective time derivatives, the present invention enables the surgeoii 
to precisely control the source 14. 

It is to be further understood diat the present invention contenq>lates establishing 
power-dependMit predetermined se^ints, i.e., setpoints that vary with the manually- 
established power siting of the source 14 olF electricity. Thus, Vl, II, Zl, Z2, Z3, PI, 
Tl, aiidAZ4 can aU vary with Ae power setting of the source 14 of elec^ Insuchan 
embodiment, a daia td>le corrda&ig power setting with pred^ermined se^mts is stored 
in the electronic memory of die miooprocessor 44 for look-up by the microprocessor 44 
at the appropriiate dedsion blodcs discussed above. 

. Figure 5 shows that a probe 200 wtush in all essential respects is identical to the 
probe 11 shown in Rgure 1 can be advanced into a woman's Mopian tube 202. More 
spedfically, theprobe 11 canbeadvanced tfarougfi the vagfaial openbig 204 of the woman's 
uterus 206 and into (me of the woman's Mppian tubes. Then, the probe 200 can be 
energized as disdissed above to cause a waU portion 208 of the &11^ 
is juxtq>osed with the pn)be 200 to ooUapse around the probe 2b^^ Th^Ay, the fallopian 
. tube 202 is substantially blocked by electro-ligation to prevent passage of human 
. reproductive ceUs ihixnigh the tube 202. 

While die partioidar method for tubal electro-1^^ 
in detail is fiilly capable of attainhig the abovoKlesc^ 

understood that it is the presmtly preferred embodiment of the present invention and is thus 
.1 representative of thie subject matter whidh is broadly cpntenq)Iated by .the. present invention, 
that the scope of the present invention fully encompasses other enibodiments which may 
become obvious to those skilled in the art, and that die scope of the present invention is 
accordingly to be limited by nothing otha than the q)pended claims. 
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WHAT IS CXAIMED IS: 

1. Adevfoefaraseinendomidcsiiii^ 
blood vessel, comiirisfiig: 

an dongated electrical conductor having a distal end; 

a soipce of electricity dectrlcaliy connected to electrical condwctor; 

an dectricaUy insuhtive smooth flexibte sheath sorrow 
s^mimt of the conductor, the sheath havfaig ah outside diameter of less thn« 
one millmieter (1mm) to penult eaOty sUdably cn^igfaig the sheatti vrfth flie 
hnnen of tiie Hood vessd; and 

an dectrode connected to the distal end of the dectrical conductor suA^ 
that the source of dectridty can be energized to enei^ the dectrode to 
tfaerd>y cause the lumen of the blood vessd to collapse when the dednde n 
. positioned in die vessd. . 

2. Hie device of Claim 1, farther comprismg a feedback dcricc for s mrfng 
a presdected parameter of the blood vessd and for generatfaig a signal when the 
preselected parametor reaches a predetamined vahie, wheidn the presdected 
parameter is itfected Iq^ the presdected po^ 

3. The dericcofOaimljWherem the dectrode extends b^ond a ^ 

of the sheath, md the length of the de^ equal to the diameter 

of the blood v^d. 

4. ilie device of Oafan 2, wherdn ttie presdected paramdo* is 
temp^ature, and the feedback device indudes a temperature sensor secured to the 
apparatus for soisfaig flie t^perature. of the diectrode. . 

5. Thedevicebfaaun2,whmhit^ 

' electrical paramder selected from the group of paramders consisting of: source of 
dectridty output voltage, time rate of change of source of dectridty output voltage, 
source of dectrid^ output current, time rate of change of source of dectridty output 
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CDirait, sonm of dectridty outinit power, tin^ 

output power, ttssoe dedrical Impedance, tone rate of change of tissue dectrlcal 
impedance. 

6* The device of Claim St wherdn the preselected param^er k impuHgnn*. 

7. Hie dedce of Claim 6, wherdn the electrode Is formied integrally with 
the condudor, and the dedrode Indudes a rounded distal tip. . 

8. Hie device of Clafan 7, ftarther ccmiprlsing an mfl-stiddng jWi'^ g 
deposited on the dectrode. 

9. . Hie device of Claiih 8^ wherdn the conductor faidndes a segment 
bendable into a predetennined siiape. 

10. The device of Claim 9, ftirther compilsfaig a dfarection indicator for 
indicating the predetennined shq^ 

11. The device of Clahn 10, wherdn flie source of dectrlcity geneftites an 
rf output suffident to cause the blood vessd to collapse and insufiBdent to perforate the 
Uoodvessd., 

12. An apparatus connectaMe to a powar sonri» for e^PcMcsMy K gnrtwg ^ 
presdected portion of tissue, comprising: 

andectrically hisulative sheafli configured for sHilaMy en gaging ^ i imt»n 

: . i , of a body yessd; _ . . . . 

an dedrode positioned hi the slieath, die dedrode bdng dedricaUy 
: coimedable to the power source for mergidng the presdected portion of ti^ 
when the electrode is podtioned a^facent the preselected portion of tissue and 
.the power, source is activated to provide power to the deictrode; md 

a feedback device for sensing a presdected paramder and for 
. generating a signai representative of the magnttnde of the . presdected 
parameter, wherdn the presdected parameter is affected when ttie presdected 
portion of tissue is eneigized by the dedrode. 
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13. Tte apparatus of Qaim 12, whodntfiein^ 
etectrical impedance. . ^ . 

14. The apparatus of Claim 13, wiierdn the dectrbde is advanceable into 
a blood vdn, and tlie length of the electrode is approximateiy equal to the diameter of 
the blood vein. 

15. The apparatus of Claim 14y further cqmprising m d^ctrical cmdurtor 
formed integrally with the electrode and connected to the power source, the electrode 
inclnding a rounded distal tip and an anti-stiddng coating dgprnrfteH mt ftf elfctrode. 

liS.. The apparatus of (Mm 15, wherdnflie output of the p^ 
reduced wfam the signal represgntativft nf tftii mngnftb^P th^ prpsdyted parameter 
reaches a predetennined value. . 

17. A method for treating a Yarioose vein, cbmprising flie steps of : 

(a) porovidfaig an dectricaDy energizable electrode; 

(b) percutanebusly advandng the decide into the varicose vdn 
- such that tiiedectrode is Juxtaposed iiith the waU o^ 

(c) estabHsUng contact between tiiewaD of tlie varies 
dectrode;and 

(d) cnergizhig the dectrode untfl the vein collapses around the 
— . /.-,dedTodetotherdiy.ldodcbibodflo^ 

18. Themdhodof Claim 17, wherein 

supply, and the method ftuther comprises the step of ddennining the dectrical 
impedance of the tissm ad|jaoent the electrode. 

19; The method of Claim 16. itorther compriAg the step nf flirf ntnnrtr^if y 
reducing energization of the tetrode whoi the impedance equals a pradetennined 
-value. ■ 
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20. The mrtliod of Oat^ 
wiliiout perforadng the vein. 

21. Am^faodfordeclro4igatt(mofabloodvessdvC(mipris^ 

(a) providing an electrically energizable electrode and an endoscopic 
instrument; * • 

(b) diqiosing the electrode in the iitttnmient; 

(c) iwraitaneously advancing the instrinnmt\dthdi^^ 
blood vessel; and 

(dO energlzfaig the dectrode unta the vcssd collapses ar^ 
dectrode to thereby Hock blood flow throng tte v^^ 

22. The m^hod of Qaim 21, wherem the energiznig step is accomplished 
without perforating tiiie vdn. 

23. AniediodforligatiiigaMqiiantiAe, canq)risingthe8teps tf^ 

(a) providing an electrically energizable electrode; 

(b) advancing the electrode into the fallopian tube such Aat the 
. dectn>de is juxtqK)sed with the waU of the Mqiian tite 

(c) establishing comactbetweoi the waU of thieMopim tube and t^^^ 
dectrbde; and . 

. ^- (d) . .jsneigizu^ the electrode untU d^ 

electrode to thereby block the fallopian tube. 

24. The method of C3aim 23, wherem the electrode is energized by a power 
siq)ply, and the method funher conQ)rises the step of detemiining the electricd mqyedance 
of the tissue adjacent the electrode. 

25. The m^hod of Claun 24/ further conq)rising the step of automatically 
reducing energization of the electrode when the in5)edance equals a predetennmed value. 

. . 26. The method of Claim 25, wherein the . energizing step is accbn^^lished 
without perforaidng the fidlopiah tube. . 
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